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normal BMI) and race were not associated with incident thrust in the
ﬁnal model (Table 1).
Conclusions: Varus alignment at baseline, as well as male sex, back
pain, OA disease severity, and obesity, were independently associated
with increased odds of incident varus thrust by 2 years. A better
understanding of attributes associated with incident thrust may aid
ultimate development of strategies to prevent thrust.Table 1
Adjusted OR (95% CI) for Incident Varus Thrust by 2 Years
Baseline Factors Incident Varus Thrust by 2 Years
OR (95% CI) in Final Model*
Varus knee alignment 1.05 (1.02, 1.08)
Female 0.97 (0.94, 0.99)
Back pain, past 30 days 1.03 (1.001, 1.06)
K/L grade 2 1.04 (1.01, 1.07)
K/L grade 3 or 4 1.09 (1.04, 1.13)
Obese (BMI30) 1.05 (1.01, 1.09)
Overweight (BMI 25-29.9) 1.01 (0.98, 1.05)
African American race 1.04 (0.997, 1.08)
Other race 0.94 (0.88, 1.01)
*The initial model included baseline factors: knee alignment, age, sex, BMI, race/
ethnicity, PASE score, back pain, previous knee injury, previous knee surgery, knee
extensor strength, and K/L grade. Variables were retained (backward selection) for
the ﬁnal model if, in the initial model, p<0.2.
Table 1
Regression models of knee cartilage morphology
Dependent Variables Adjusted R2 p value
Medial tibial 5th percentile
thickness (mm)
BMI 0.014 0.213
BMI + PKAM 0.100 0.046*
Medial femur 5th percentile
thickness (mm)
BMI 0.105 0.019*
BMI + PKAM 0.182 0.007*
Medial tibial cartilage
volume (mm3)
BMI 0.014 0.848
BMI + KAM Impulse 0.060 0.052
Medial tibial surface
area (mm2)
BMI 0.012 0.227
BMI + KAM Impulse 0.151 0.017*
Medial femur surface
area (mm2)
BMI 0.017 0.561
BMI + KAM Impulse 0.072 0.036*
BMI ¼ Body Mass Index (kg/m2).
PKAM ¼ Peak Knee Adduction Moment (Nm/kg).
KAM Impulse ¼ Knee Adduction Moment Impluse (Nm*s).
*p<0.05.71
THE PEAK ADDUCTION MOMENT AND ADDUCTION MOMENT
IMPULSE AT THE KNEE RELATE TO TIBIAL AND FEMORAL
CARTILAGE MORPHOLOGY
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Purpose: The peak knee adduction moment (KAM), a surrogate for the
maximum medial knee load, predicts radiographic progression of knee
osteoarthritis (OA). However, alone, it does not correlate consistently
with mean cartilage thickness. The KAM impulse accounts for both the
magnitude and duration of loading. The number of steps per day is an
indicator of loading frequency. The objective of this study was to
determine the extent to which variation in peak KAM, KAM impulse,
and loading frequency can explain variation in medial cartilage thick-
ness, volume, and surface area in the femur and tibia.
Methods: Forty-three participants (age: 61.1  6.3 years; Body Mass
Index (BMI): 28.6  5.9 kg/m^2) who met the ACR clinical criteria for
knee OAwere recruited. Rigid, infraredmarker clusters were secured on
the sacrum, thigh, shank and foot of the study leg and tracked using
Optotrak position sensors (Certus, Northern Digital Inc, Waterloo,
Canada). The study leg corresponded to the side with the most severe
symptoms. Ground reaction forces were recorded using embedded
force plates (AMTI, Watertown, MA, USA). Participants performed 5
barefoot walking trials at self-selected speed. The KAM waveform was
generated using inverse dynamics (Visual 3D, C-Motion, Inc., German-
town, MD, USA). The mean non-normalized KAM impulse over ﬁve
trials was calculated and mean number of steps/day was measured over
5 days using an accelerometer.Within 1 week of the biomechanical data
collection, each participant underwent an MRI scan of the study knee
using a 1T peripheral MRI scanner (GE Healthcare, USA). Medial tibial
and femoral cartilage morphometry was segmented from images ob-
tained from a coronal 3D SPGRE fat-saturated sequence (1.5 mm
thickness) using a highly automated, atlas-based method (Qmetrics,
Rochester, NY, USA). Sequential forward linear regressions were per-
formed for each of the following dependent variables for the medial
compartment cartilage in the tibia and femur: mean and 5th percentile
thickness, volume, and surface area. Two regressions were performed
for each dependent variable: the ﬁrst with BMI and peak KAM as
separate independent variables and the second with BMI, KAM impulse,
and steps/day entered as separate independent variables.
Results: Table 1 summarizes the regression models. BMI and the peak
KAM explained (i) 10.0% of variance in 5th percentile cartilage thickness
in the medial tibia and (ii) 18.2% of variance in 5th percentile cartilagethickness in the medial femur. As well, BMI and the KAM impulse
explained (i) 6% of variance in medial tibial cartilage volume, (ii) 15.1%
of variance in surface area of the bone-cartilage interface in the medial
tibia and (iii) 7.2% of variance in surface area of the bone-cartilage
interface in the medial femur.
Conclusions: After accounting for obesity, the maximum load incurred
by the medial knee compartment at a single time point was implicated
in focal thinning in the tibia and femur. Meanwhile, the KAM impulse,
reﬂecting both the magnitude and duration of knee loads during gait,
related to the surface area of the bone-cartilage interface in the tibia and
femur. These ﬁndings add to previous work that has demonstrated
a crude measure of total joint load, obesity, is directly related to the size
of the knee articular surface area.72
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Background: Total knee arthroplasty (TKA) is the most common
treatment for end-stage knee OA, with approximately 500,000 proce-
dures performed each year in the United States. The number of proce-
dures is expected to rise to over threemillion by 2030 due to population
growth, increasing longevity and a rise in obesity. There have been
numerous studies on the operated knee before and after unilateral TKA,
but there have been fewer studies on the non-operated knee. There is
evidence of non-random progression of OA in the other lower limb
joints after unilateral TKA, with the non-operated knee being at the
greatest risk for OA progression and another TKA.
Recent biomechanical studies suggest one reason for the higher rate of
OA progression may be limb asymmetry postoperatively, in which the
non-operated knee bears greater loads postoperatively than the oper-
ated knee. It is unclear, however, whether this is a result of gait changes
due to the surgery itself. The present study aimed to examine the
preoperative and postoperative biomechanics of the non-operated knee
in the frontal plane to determine if gait patterns worsen after surgery.
Methods: Fifty patients were examined before and two months after
TKA. Patients underwent a 3D gait analysis using the Vicon Motion
Analysis system (Oxford Metrics Ltd., Oxford, UK) and completed a VAS
scale for pain. Data from both the operated and non-operated knees
were analyzed and compared. Data were compared to a healthy control
group using ﬁndings from previously published studies.
Results: The study results are presented in Table 1. The non-operated
knee did not show signiﬁcant changes in knee varus angle (KVA)
(Figure 1) or knee adduction moment (KAM) (Figure 2) after surgery (all
p>0.05). Pain in the non-operated knee did not improve signiﬁcantly
after surgery (p¼0.066). Changes were not found in spatiotemporal
parameters unique to the non-operated knee after surgery. In
comparison to the operated knee, the non-operated knee showed
similar KVA and KAM preoperatively, but higher KVA and KAM
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were reduced by surgery while the non-operated knee remained
unchanged (Figures 1 & 2). The limb differences in peak 1 and 2 of KAM
were signiﬁcant (p¼0.0028 and 0.005, respectively). Both before and
after surgery, the non-operated knee did not differ signiﬁcantly from
healthy control in KVA or KAM. The knee was signiﬁcantly worse than
controls in pain scores and spatiotemporal parameters.
Conclusions: The study's ﬁndings suggest that gait patterns in the non-
operated knee may not change after surgery. The study conﬁrms that
there is a limb asymmetry after surgery, with the non-operated limb
bearing greater loads than the operated limb, but suggests that the
asymmetry likely results from improvements in the operated knee
rather than deterioration in the non-operated knee. As a whole, the
ﬁndings indicated that the surgery itself might not be the catalyst for
higher loading patterns postoperatively. Nevertheless, the non-oper-
ated knee may still be at risk for OA after surgery due to the limb
asymmetry and the persistent higher levels of KAM. Clinicians should
consider this when prescribing therapy to patients postoperatively.
There should be a focus on caring for the non-operated knee in addition
to the operated knee.Gait Patterns of the Non-Operated Knee Before and After Total Knee Arthroplasty
Preoperative Preoperative Preoperative Postoperative Postoperative Postoperative Non-Operated
Knee
Non-Operated
Knee
Non-Operated
Knee
Parameter Non-Operated Operated Sig Non-Operated Operated Sig PreOp vs.
PostOp
Healthy vs
PreOp
Healthy vs
PostOp
Walking speed (m/s) 0.790.23 0.790.23 NA 0.720.22 0.720.22 NA 0.034* <0.0001** <0.0001**
Stride Length (cm) 93.124.7 93.124.7 NA 91.519.2 91.519.2 NA 0.148 <0.0001** <0.0001**
Cadence 0.970.15 0.970.15 NA 0.930.13 0.930.13 NA 0.021* <0.0001** <0.0001**
Step length (cm) 46.710.6 47.110.3 0.854 44.210.0 45.410.7 0.559 0.050 <0.0001** <0.0001**
Single limb support
(% Gait Cycle)
35.44.4 33.65.1 0.034* 36.43.7 32.85.0 <0.0001** 0.05 0.900 0.087
Double Limb Support
(% Gait Cycle)
30.68.5 30.37.9 0.852 30.37.2 30.27.1 0.928 0.792 0.422 0.52
Peak varus angle (deg) 3.15.6 4.58.4 0.131 3.45.2 1.45.3 0.061 0.398 0.599 0.404
Peak adduction
moment 1
(%BW*Ht)
3.01.2 3.11.5 0.721 2.81.1 2.20.81 0.0028** 0.085 0.528 0.780
Peak adduction
moment 2
(%BW*Ht)
2.41.1 2.61.4 0.398 2.51.0 2.00.86 0.005** 0.762 0.264 0.148
VAS Scale for Pain 3.22.9 7.22.0 0.001** 2.62.2 5.72.0 0.001** 0.066 <0.0001** <0.0001**
VAS¼Visual analog scale.
*¼less than 0.05.
**¼less than 0.01.ĂĂ73
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Purpose: Impaired balance control has been reported in the elderly
with advanced hip osteoarthritis (OA), yet this relationship has not been
explored in young adults with hip chondropathy. Hip OA in older adults
is associated with impaired anticipatory postural adjustments during
lateral or forward stepping and recovery of balance after a sudden
change in direction, yet the effect on static balance is less convincing. As
lateral balance is controlled by co-ordinated hip muscle activity and
trunk movement, it is possible that reduced hip muscle strength and
limited range of hip joint motion observed in thosewith arthrogenic hip
degeneration will contribute to impaired balance. Younger individuals
with early signs of hip pathology may also exhibit reduced hip strength
and range of motion, which could render these individuals at risk of
